abstract BACKGROUND AND OBJECTIVE: Neonatal abstinence syndrome (NAS), a self-limiting condition, is associated with clinical symptoms that may require pharmacological intervention. Optimal treatment of NAS remains undetermined, but the hospital length of stay (LOS) for patients with NAS is partially dependent upon a standard treatment protocol used. Prolonged LOS for patients with NAS can lead to adverse patient harm, impaired maternal-infant attachment, and significant health care costs. Therefore, we conducted a quality improvement study to reduce the LOS for infants with NAS.
METHODS:
In 2009, a multidisciplinary NAS Taskforce was created to implement a standardized treatment protocol, discuss the strengths and weaknesses of the current medical and nursing management, and improve communication among staff. Infants with NAS that required pharmacological intervention were followed throughout their hospitalization. Readmission within 30 days of hospital discharge was tracked as a balancing measure.
RESULTS: Ninety-two infants were eligible for the project including 23 infants from a baseline period (January 2007-August 2009). Reliable monitoring of symptoms and the administration of a standardized morphine protocol effectively reduced LOS from 36 days to 18 days by June 2012. This improvement was sustained through December 2012. No patients were readmitted for NAS treatment.
CONCLUSIONS:
The most effective interventions that impacted LOS for infants with NAS were the development of a staff NAS education program and the implementation of a standard treatment protocol. The formation of the NAS Taskforce was also essential because it facilitated communication and the dissemination of vital treatment information among all clinical staff.
On average, 10.7% of nonpregnant women of childbearing age and 5.9% of pregnant women reported illicit drug use in the month before the survey. 1, 2 In utero drug exposure, followed by an abrupt cessation of illicit substances at birth, may result in withdrawal symptoms, known as neonatal abstinence syndrome (NAS). 2, 3 Maternal use of opioids (eg, methadone, heroin, and codeine) is the most common cause of NAS, but other psychoactive drugs may also cause withdrawal symptoms. 3, 4 Drug withdrawal is a self-limiting process, 3 but severe cases may require pharmacological intervention to reduce these clinical signs. Withdrawal symptoms develop in 55% to 94% of infants exposed to opioids in utero. 3 dose, 3, 6 and infant and maternal metabolism. 3 NAS is characterized by central nervous system irritability, including tremors, seizures, and excessive crying; gastrointestinal dysfunction, including vomiting, diarrhea, dehydration, and poor feeding; and autonomic instability, including fever, nasal stuffiness, and sweating. 3 The American Academy of Pediatrics recommends drug-specific therapy from the same class as the addictive drug causing NAS symptoms. 2 However, the initiation of drug therapy should be based on the severity of the symptoms. A standardized symptom severity scoring system is essential for reliable assessment of withdrawal and communication among caregivers. 3 Although most clinicians use morphine or methadone therapy, 3, 5 there is high variability among practitioners because the best course of treatment of NAS has not been determined. 7, 8 Additionally, few studies have investigated hospital length of stay (LOS) for infants with NAS. The reported LOS required for treatment can vary between 6 and 79 days. 2, [8] [9] [10] [11] LOS is dependent upon numerous factors, including the treatment path, severity of the symptoms, 12 and maternal opioid dose. 13 Long stays in the hospital can be detrimental to the infant-mother bond and developmental outcome, 8, 14 even when mothers are encouraged to spend time with their infants during the hospital stay. Furthermore, costs associated with caring for NAS infants with long hospital stays are extensive. 15, 16 From 2004 to 2008, Nationwide Children's Hospital (NCH) in Columbus, Ohio, experienced a sixfold increase in infants with NAS. These infants were exposed in utero to maternal opioid, in particular methadone, heroin, and/or hydrocodone. Treatment of NAS was at the discretion of the attending physician. Average LOS of patients with NAS exceeded 36 days but varied extensively. In this report, we describe our efforts to standardize the management of NAS and reduce the average LOS by using the Model for Improvement. 17 An initial intervention using a methadone protocol appeared to lower the LOS in 2009 to 31 days. To further lower LOS for patients with NAS, we initiated a quality improvement project whose aim was to reduce the LOS for patients with NAS admitted to our main campus NICU baseline of 31 days to 24 days by December 31, 2010, and to sustain improvement through December 2012. 
METHODS

Setting
Ethical Issues
Nearly 40% of patients admitted to NCH nurseries and over 90% of patients with NAS are insured through Partners for Kids, a Medicaid managed care company owned by NCH. NCH is capitated and fully at risk for these Medicaid patients.
This quality improvement work involved implementation of evidencebased interventions or potentially best practices designed to optimize patient outcomes and shorten duration of hospitalization. No interventions involved comparison of multiple devices or therapies, and no patients were subjected to randomization. Medical records were accessed by quality improvement team members as part of their normal job descriptions. No personal health information was shared outside of NCH. Therefore, the approval by the NCH Institutional Review Board was not required.
Inclusion/Exclusions
In this report, we describe data for patients with NAS admitted to our main campus NICU, an all-referral unit with no inborn population. Among NCH nurseries, this NICU had the longest and most variable LOS. In contrast to infants with NAS born at our affiliated maternity centers, infants admitted to the main campus NICU were often identified and referred for treatment late in their withdrawal process. In addition to admission to the main campus NICU, study patients had to have some clinical or historical evidence of exposure to opioids in utero and require therapy for NAS. Patients with iatrogenic drug withdrawal due to postnatal pain management were excluded. Also excluded from this report were (1) premature infants ,35 weeks' gestation, (2) infants admitted to NCH after 6 days of age, (3) infants who received .24 hours of methadone therapy before admission to NCH, (4) infants who died, and (5) infants who required surgical interventions. These infants were excluded because their LOS was believed to be unrelated to NAS.
Key Driver Interventions
We identified several key drivers: (a) communication among medical and nursing staff to facilitate learning, (b) minimization of variability in Finnegan scoring by the neonatal nurses, (c) the development of a standard initiation and weaning protocol, and (d) collaboration with obstetricians-gynecologists and addiction specialists to optimize prenatal management of opioid addicted pregnant women.
Team Communication and Support
To improve communication, education, and support among medical, nursing, and support staff, the NCH NAS Taskforce was established. The NAS Taskforce met monthly and included medical, nursing, and ancillary health care representatives. At taskforce meetings, members reviewed data and listened to a variety of didactic presentations regarding NAS and the problems of substance abuse. Staff also discussed unit problems related to the management of patients with NAS, developed strategies to improve processes, evaluated the interventions, and spread process improvements to other neonatal units.
Variability in Finnegan Scoring
The Finnegan Neonatal Abstinence Syndrome Scoring System (FNASSS) was used by the nursing staff to assess an infant's withdrawal symptoms and need for pharmacologic intervention. 18 Therapy was initiated when FNASSS scores were .8 on 3 consecutive measurements or .12 on 2 consecutive measurements within a 24-hour period. However, excessive variability in the FNASSS scores recorded by the neonatal nurses complicated NAS management. To resolve this issue, we contracted with a nursing expert in the management of patients with NAS and the application of the FNASSS (Karen D' Apolito, PhD, Professor of Nursing, Vanderbilt University). Using an instructional video and a "train the trainer" approach, "super users" were taught how to assign FNASSS scores based on the signs and symptoms of NAS. These super users then trained the remaining nursing staff at each of the NCH nurseries. This training was completed in November 2009.
During early 2011, all nursing staff received additional training on FNASSS scoring. This training provided staff with a video example of NAS Finnegan scoring, 2 practice examinations, and an instruction manual with the definitions required for proper scoring. 19 
Oral Morphine Weaning Protocol
Before the formation of the NAS Taskforce, a standardized oral methadone weaning protocol was implemented in May 2009. This change appeared to lower the average LOS for patients with NAS to 31 days. However, the long half-life of methadone and the variability in nursing assessment complicated the weaning process. Thus, we developed and implemented an oral morphine initiation and weaning protocol in December 2009 (Tables 1, 2 The original morphine protocol required 3 FNASSS scores .8 to initiate pharmacologic therapy. Because NCH is a referral hospital, the majority of our infants with NAS are already in withdrawal with high Finnegan scores upon admission. To gain control of these infants' symptoms more rapidly, the morphine protocol was revised in May 2010 to require only 2 scores of $8 or 1 score of $12 to begin drug therapy ( Table 2 ). The revision included specifics regarding the use of phenobarbital for treating infants exposed to multiple drugs. Further modifications were made in March 2011 to include the addition of clonidine adjunct therapy if the infant required high-dose morphine or if the Table 3 ).
IV, intravenous; MD, maintenance dose. 
Collaboration With Obstetricians-Gynecologists and Addiction Specialist
Recognizing that maternal addiction and resultant NAS is a communitywide problem, the NCH NAS Taskforce was expanded to include members from all maternity centers and addiction treatment specialists in central Ohio.
Statistical Analyses
LOS, the primary outcome metric, was measured as the time from admission to the NCH main campus NICU to discharge. LOS and the impact of improvement interventions were monitored by using statistical process control charts. 20 Baseline data were determined from patients admitted from January 2007 to August 2009. A Ln(x) transformation was used to calculate appropriate control limits. Of the study infants admitted to the main campus NICUs from 2010, none were readmitted within 30 days of follow-up due to NAS symptoms. However, 9 (12.7%) infants discharged from an NCH nursery after treatment of NAS were readmitted: 3 for bronchiolitis symptoms, 4 for feeding issues unrelated to NAS, and 2 for respiratory failure unrelated to NAS. One of these infants had a Rhinovirus infection; the other had respiratory symptoms that led to the diagnosis of cystic fibrosis.
RESULTS
From
DISCUSSION
Several key interventions were associated with an improvement in the LOS of infants with NAS admitted to the main campus NICUs. A standard treatment protocol for infants with NAS was developed and as treatment knowledge increased, protocol revisions were implemented to improve the overall outcome of patients with NAS. Compliance with a standardized protocol may be more important than the specific pharmacologic intervention because we saw decreased LOS when Enteral formulation contains a high percentage of alcohol. Recommend dividing dose to decrease risk of emesis and/or sedation. Maintenance dose: 5 mg/kg/dose orally once daily, preferably in the evening. Dose may be divided BID if concern for excess sedation. Do not routinely weight adjust. Weaning: Recommend discharging infant home on phenobarbital with subsequent weaning to be done either in neonatal follow-up clinic or by infant' s primary care physician. Phenobarbital Levels: Drug levels should not be needed for this indication unless the infant experiences seizures or seizurelike activity. If suspected, a phenobarbital level and/or a neurology consult may be warranted at that time. Clonidine
Consider starting clonidine if the majority of NAS score is due to autonomic overstimulation (sweating, fever, yawning, mottling, sneezing, etc) and if infant is requiring .0.1 mg/kg/dose of morphine q3h and is still not stabilized. Maintenance dose (0.1 mg/mL suspension):
Given that the infant will be receiving morphine on a q3hr basis, for ease of administration recommend 1 mg/kg/dose orally every 6 h (range: 4-6 mg/kg/day divided q4-6h) Side effects of clonidine include bradycardia, hypotension upon initiation, and then rebound hypertension when drug is discontinued.
BID, twice daily; CNS, central nervous system. Our study highlights the importance of a standardized treatment protocol. Although the majority of accredited fellowship programs in neonatal-perinatal medicine in the United States use the FNASSS system or some variation thereof, only 70% of programs use a scoring system when determining pharmacological treatment. 7 A little more than 50% of responding programs have a NAS written policy in place. 7 This intervention was successful, in part, due to the high vigilance and care provided by the medical, pharmacy, and nursing staff treating these infants. However, not all infants with
FIGURE 1
Specific aim and key driver diagram developed by the NAS LOS Reduction Taskforce.
FIGURE 2
Annotated individual control chart (I-Chart) 20 16 There are some limitations to this study. The small sample size at an allreferral hospital limits the generalizability. Infants with NAS included in this project often exhibited significant withdrawal symptoms by the time they were admitted to the hospital. This factor may contribute to their longer LOS. Infants with NAS born at the NCHaffiliated maternity centers have an average LOS ,20 days. These infants are treated by using a similar oral morphine protocol, but therapy is initiated soon after NAS symptoms are identified.
Minimizing LOS is important because time spent in a hospital is not beneficial for the infant-parent attachment. Future research should track these children beyond the first year of life for various outcomes, especially neurologic and behavioral factors, but also to determine overall health and whether the children are seeking medical treatment of conditions related to their diagnosis of NAS. Additionally, the developmental outcomes of these infants should be investigated, because the lifelong impacts of early drug exposure are unknown. 22 To that end, we refer our patients with NAS to our neonatal developmental follow-up clinic; however, reliable long-term follow-up with these patients remains an issue.
CONCLUSIONS
We used the Model for Improvement methodology to decrease the LOS for infants with NAS admitted to an allreferral NICU. Key interventions included implementation of a standardized oral morphine protocol and formal training of nursing staff in the proper use of the Finnegan scoring system for infants with NAS.
